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ABSTRACT

'Testing was performed on First Stage Minuteman TP-Hl0ll propellant

and case bond specimens from the dome end of motor S/N 0012029. This

testing was performed to assure that deteriorations in motor physical

and thermal properties could be detected in time to take corrective ac-

tion before the system performance deteriorated below an acceptable level,

Testing was accomlished in accordance with MOWRBA Project M34929C.
0

bFrom the analysis of the test results, the propellant and case bond

properties have not deteriorated below an acceptable level at the present

time and for two years beyond the oldest data point.
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INTRODUCTION

A. PURPOSE:

1. The test data in this report compiled with other laboratory data,

flight test data, static firing data and engineering judgement is used to

determine the useful shelf/service life for LGM-30 Stage I Rocket motors.

The regression trend lines project aging trends two years beyond the last

test data point.

2. This report contains test data, in the form of regression analysis,

from dissected motor S/N 0012029. This is a LGM-30, Stage I, Wing II

motor produced by Morton-Thiokol, Wasatch Division, on 63074.

3. Aerojet Strategic Propulsion Company (ASPC) dissected the motor

and tested the bond specimens in 1980 (see Note). The data from ASPC is

included in this report. The remaining case bond sections and TP-HI011

propellant were transferred to OO-ALC's Propellant Laboratory for storage,

test, analysis of data and reporting. The test program used by the labor-

atory to test motor SIN 0012029 is contained in Table 1.

B. HISTORICAL BACKGROUND:

1. -a May 1961, Thiokol began a three year LGM-30 Laboratory storage

and test program to determine the rate of degradation from age for Stage I

materials. During June 1962 and again in August 1963, additional samples

were included in the program. New samples were added in July and August

1964 when the surveillance test program was extended to ten years (Test

Plan 0717-62-0967, 53-8). The samples added to the inventory were consid-

ered to be a new population and were combined in regression analysis with

the three dissected motors. STM-012 was a motor prepared by Thiokol Spe-

cifically for dissection, S/N 0012099 a SLIM motor and S/N 0012199 were

selected from inventory for dissection. Propellant (TP-HI011) was tested

-1-



from all three motors and case bond specimens from two of the motors. STM-

012 and S/N 0012199.

2. The dissected motors STM-012, 0012099 and 0012199 with dates of manufac-

ture of 61221, 63166 and 63227 respectively, were dissected by Morton Thiokol.

The assets were transferred to 00-ALC in 1967 for testing and reporting. This

provides nearly twenty years of data for the original dissected motor testing.

3. By 1978, the dissected motor assets would only last three to four years

*except that propellant from motor S/N 0012199 was still available for future

testing.

4. The decision was made to select a field motor for dissection in order to

obtain TP-HlOll propellant and case bond specimens from the dome end. Motor

S/N 0012029, manufactured in 63074, was selected for dissection and labora-

tory testing. From the propellant and case bond sections received from Aero-

jet, there is only propellant sufficient for two or three years of testing.

Only one section of case'-bond is available for one year of testing.

5. Up to 1982, due to a limited number of dissected motor data, the data

from all motors were combined for statistical analysis for the respective

tests. In 1983, key LRSLA parameters were also reported for the individual

motors. A statistical analysis (analysis of variance) was made to determine

the statistical validity for combining the three dissected motor data. This

analysis demonstrated that the data for the individual motors should not be

statistically combined since they have been biased differently at some point

in time.

NOTE: Aerojet Strategic Propulsion Company Report AUE-900-1, August 1980,
Minuteman LGM-30 Stage I Motor S/N 0012029, Dissection and Material Test
Analysis
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C, DISCUSSION OF STATISTICAL TECHNIQUES:

The method used in this report to accomplish the statistical analysis

is regression analysis. A successful analysis of data depends on a careful

choice of the underlying mathematical model. The linear regression equation

Y - a + bX was found to be the best fit model (out of 16 models tested) for

this data. It yields the most significant "F" values for the data. If data

are forced into a model which is inappropriate, it will yield less signifi-

cant "F" values. In addition, the regression line will not be an accurate

projection of the data. This line-fitting procedure assumes that the data

are normally distributed and the means of these distributions are located

about a line of least squares.

-3-



STATISTICAL ANALYSIS

This report contains data and analysis for motor S/N 0012029. The

analysis will be based on this motor only.

The testing of TP-HlOl1 propellant was consistently used for Stage I

dissected motors. Therefore, a normal distribution population was assumed

and the data from these motors were all statistically combined. In Decem-

ber 1983, MANPA Report Nr. 482(83), the data accumulated up to that time

for each dissected motor was analyzed for motor-to-motor comparisons using

the Analysis of Covariance. The results were that the data from these

motors should not be statistically combined. Based on that analysis and

coordination with Engineering, the individual motors have been reported

separately.

The objective of this statistical analysis is to determine the effect

aging has on Stage I propellant from Motor S/N 0012029. This analysis will

assist Service Engineering in predicting Stage I serviceability.

The method used to accomplish this analysis was regression analysis.

The linear equation Y - a + bX was found to be the best fit model for this

data.

The sample sizes for each test age group used throughout the regressions

can be found on the sample size summary which accompanies each plot. One

disadvantage of plotting sample mean values, per age group, is the masking

of individual sample points per age group.

The variance of data about each regression line is used to compute a

tolerance interval such that 90% of the sample distribution will fall within

this interval.

Since this was the first time motor S/N 0012029 was reported, mean value

masking of individual values for tensile data was investigated. It was found

-4-
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that out of 1230 tensile specimens tested, 3.25% were above or below the 90%

band. This tolerance interval is extrapolated 24 months beyond the age of

the last test date.

The 't' value and the significance of this statistic will be given as an

indication of the "statistical significance" of the slope of the trend lines

as it is compared to a line of zero slope. When a regression slope is labeled

as significant, it should be noted that the slope of the trend line is sig-

nificant from a statistical standpoint and a change over time is occurring.

A significant indication does not necessarily mean that the change in test

values obtained during testing is significant in regards to motor fleet

operational performance.

The regression summaries can be found in table 2. From table 2 it can

be observed the 64% of the regressions are significantly changing.

i
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TEST RESULTS

A. UNtAXIAL TENSILE:

1. Very Low Rate Tensile (0.002 in/min CS, 1800F):

The strain at maximum stress, strain at rupture and modulus regres-

sions show no significant trend line direction (figures 1, 3 and 5). The

maximum stress and stress at rupture regressions show a statistically sig-

nificant increasing trend line direction (figures 2 and 4).

2. Very Low Rate Tensile (0.02 in/min CHS, 770F):

The strain at maximum stress, strain at rupture and modulus regres-

sions show no significant trend line direction (figures 6, 8 and 10). The

maximum stress and stress at rupture regressions show a statistically sig-

nificant increasing trend line direction (figures 7 and 9).

3. Low Rate Tensile (0.2 in/min CHS, 770F):

The strain at maximum stress regression does not show a significant

trend (figure 11). The strain at rupture regression shows a statistically

significant decreasing trend line direction (figure 13). Maximum stress,

stress at rupture and modulus regressions show a statistically significant

increasing trend line direction ( figures 12, 14 and 15). The slope of the

stress and modulus regressions is greater than expected and will be observed

closely during the next test cycle.

4. Low Rate Tensile (2.0 in/min CHS, 770F):

The strain at maximum stress regression does not show a significant

trend (figure 16). The strain at rupture regression shows a statistically

significant decreasing trend line direction (figure 18). Maximum stress,

stress at rupture and modulus show statistically significant increasing

trend line directions that are greater than expected ( figures 17, 19 & 20).

-6- J- *_J



B. HYDROSTATIC TENSILE, JANNAF DOGBONES, 800 psig:

1. Hydrostatic Low Rate (2.0 in/min CHS, 770F):

The strain at maximum stress, strain at rupture, maximum stress and

stress at rupture regressions all show an increasing statistically signifi-

cant trend line direction (figures 21 thru 24). The modulus regression

does not show a significant trend (figure 25).

2. Hydrostatic Low Rate (20.0 in/minCHS, 770F):

The strain at maximum stress regression shows a statistically sig-

nificant increasing trend line (figure 26). The strain at rupture does not

show a significant trend (figure 28). Maximum stress, stress at rupture and

modulus regressions also show a statistically significant increasing trend

line direction (figures 27, 29 and 30).

3. Hydrostatic Low Rate (2.0 in/min, 300F):

The strain at maximum stress and strain at rupture regressions do

not show a significant trend line direction (figures 31 and 33). The max-

imum stress, stress at rupture and modulus regressions show a statistically

significant increasing trend line direction (figures 32, 34 and 35). The

stresses and modulus slopes are greater than expected and will be monitored

closely at the next test period.

4. Hydrostatic Low Rate (20.0 in/minCHS, 300F):

The strain at maximum stress and strain at rupture regressions show

a statistically significant decreasing trend line direction (figures 36 and

38). The maximum stress, stress at rupture and modulus regressions show a

statistically significant increasing trend line direction (figures 37, 39

and 40).

C. BIAXIAL TENSILE, RAIL SPECIMENS:

1. Biaxial Very Low Rate Tensile (0.002 in/mmn CHS, 180 F):

The strain and stress regressions do not show significant trends
- 7 -
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(figures 41 thru 44). The modulus regression shows a statistically sig-

nificant increasing trend line direction (figure 45).

2. Biaxial Very Low Rate Tensile (0.02 in/minCHS, 1800F):

The strain at maximum stress and strain at rupture regressions

show a statistically significant increasing trend line direction (figures

46 and 48). The maximum stress, stress at rupture and modulus regressions

are not significant (figures 47, 49 and 50).

3. Biaxial Low Rate Tensile (0.2 in/min CHS, 770F):

All of the regressions except modulus show a statistically signifi-

cant increase in the trend line direction (figures 51 thru 54). The modu-

lus regression does not show a significant trend (figure 55). The slopes

of the stress regressions are greater than expected and will be monitored

closely at the next test cycle.

4. Biaxial Low Rate Tensile (2.0 in/mmn CHS, 770F):

The strain at maximum stress shows a statistically significant in-

crease in trend direction (figure 56). The strain at rupture does not show

a significant trend (figure 58). The maximum stress and stress at rupture

regressions show statistically significant increasing trend lines (figures

57 and 59). The modulus regression does not show a significant trend (fig-

ure 60). When compared to other test parameters on Minuteman First Stage

TP-HlOll propellant, these slope directions are statistically higher for

this test.

D. TRIAXIAL TENSILE:

1. Low Rate Triaxial Tensile (2.0 in/min CHS, 800 psig, 300F):

The strain regressions show a statistically significant decreasing

trend line direction (figures 61 and 63). Maximum stress, stress at rupture

and modulus regressions show a statistically significant sharp increase in

the trend line direction (figures 62, 64 and 65).
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2. Low Rate Triaxial Tensile (2.0 in/min CHS, 800 psig, 77°F):

All of the regressions show a statistically significant increasing

trend line direction except modulus which does not show a trend (figures 66

thru 70).

3. Low Rate Triaxial Tensile (20.0 in/min CHS, 800 psig, 300F):

The strain at maximum stress and strain at rupture regressions

show a statistically significant gradual decrease in the trend line direc-

tion (figures 71 and 73). Maximum stress, stress at rupture and modulus

regressions show a strong statistically significant rapid increase in the

trend line direction (figures 72, 74 and 75).

0
4. Low Rate Triaxial Tensile (20.0 in/min CHS, 800 psig, 77 F):

The strain at maximum stress regression shows a statistically sig-

nificant increase in the trend line direction (figure 76). The strain at

rupture regression does not show a significant trend (figure 78). The

maximum stress, stress at rupture and modulus regressions show a strong

statistically significant sharp increase in the trend line direction (fig-

ures 77, 79 and 80).

E. TEAR ENERGY:

1. Very Low Rate Tear Energy (0.002 in/min CHS, 1800F):

The tear energy regression does not show a significant trend line

direction (figure 81).

2. Very Low Rate Tear Energy (0.2 in/mmn CHS, 770F):

This regression does not show a significant trend (figure 81).

3. Low Rate Tear Energy (0.2 in/min CHS, 770F):

This regression shows a statistically significant increase in the

trend line direction (figure 83).



4. Low Rate Tear Energy (2.0 in/sin, 300F):

This regression does not show a significant trend (figure 84).

5. Low Rate Tear Energy (2.0 in/min CHS, 770 F):

This regression does not show a significant trend (figure 85).

F. STRESS RELAXATION MODULUS:

All of the stress relaxation modulus regressions at 770F do not show a

significant trend (figures 86 thru 90). At 1800 F, the 1000 and 10,000

second data do not show a significant trend (figures 94 and 95).

G. CASE BOND TENSILE (0.002 in/sin, 1800F):

The case bond tensile regression shows a statistically significant

decreasing trend line direction (figure 96).

H. THERMAL COEFFICIENT OF LINEAR EXPANSION (TCLE), (-1200C to 0°C):

1. Glass Point:

The glass poirt regression shows a statistically significant grad-

ual increase in the slope of the trend line (figure 97).

2. TCLE Below Tg:

This regression shows a statistically significant gradual increase

in the trend line direction (figure 98).

3. TCLE Above Tg:

This regression shows a statistically significant rapid increase

in the trend line direction (figure 99).

- 10 -



DISCUSSION OF TEST RESULTS

1. A statistically significant trend is shown in 66% of the tensile

data. Most of these regressions show a statistically significant gradual

change in the trend line direction.

2. Some of the regressions show a statistically significant rapid

increase in tensile strength and modulus.

3. Although most of the regressions have a statistically significant

trend line, the change in propellant physical properties, with respect to

age, are moderate and no operational problems are expected at this time.

4. A gradual increase is seen in the glass transition temperature (Tg)

and in the TCLE below Tg. A statistically significant rapid increase is

shown in TCLE above the Tg as the propellant ages.

5. For those regressions where statistically significant trends are

seen, most of the changes are gradual. The same general trend is seen in

block propellant and other dissected motor test data. The propellant re-

gressions show less atrain capability and higher tensile strength as the

age increases.

6. For the case bond tensile testing, the regressions shows a fairly

rapid decrease in tensile strength with age.



CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS:

The test results show, under present storage conditions, most of the

physical and thermal properties of the propellant along with the case bond

test results indicate statistically significant aging trends. Some of the

stress and modulus regressions that shoved a statistically significant change

had trend lines greater than expected.

However, the corresponding strain curves do not substantiate the rapid

increase in stress and modulus trends. This trend maybe attributed to a

change in test techniques, test operators or in test equipment set-up.

Although the concern is not as great at this time due to the limited tests

performed to date, additional testing should be performed immediately to

assist in verifying the current trend. In addition, physical tests such as

hardness, density, and crosslink density should be performed to complement

and verify the stress and modulus trends.

B. RECOMMENDATIONS:

It is recommended that testing be performed immediately on propellant

from motor S/N 0012029. In addition, another motor should be selected, as

soon as possible, for dissection and testing to confirm that the changes

observed are not indicative of an operational problem.

- 12 -



TABLE 1

TEST PROGRAM

CASE BOND - DOME END
Section G

G085 Spec Total
Spec Per Number Test

ktes£ Conditions ConfiErawtion Code Cond of Spec Meth

Case Bond 1800F, 0 psig Poker Chip CG 12 12 A
Constant Rate 0.002 in/min see Fig 1
Tensile

Case Bond 180°F, 0 psig Poker Chip CH 12 12 B
Constant 0.002 in/mmn with 220 Groove
Rate Shear CHS

PROPELLANT SECTION 3, AREA G
All Temperatures t 20F

Stress Relax 77 + 1800F, 0 JANNAF 1/2" TW 9 18 C
Modulus psig, 3% Strain, Wood End Tab

to 10,000 sec Dogbones, see
Figure 3

0Tear Energy 30°F, 0 psig Tear Spec TS 9 9 D2 in/min CHS see Fig 4

Tear Energy 77 0F, 0 psig Tear Spec TS 9 18 D
0.2 + 2.0 in/min see Fig 4 6 .

CHS

Tear Energy 1800 F, 0 psig Tear Spec TS 9 18 D
0.002 + 0.02 see Fig 4
in/m n CHS

0 0
Low Rate 30OF + 77OF JANNAF JA 9 18 E
Hydrostatic 800 psig, 2.0 Dogbone

+ 20.0 in/min CHS

Low Rate 77°F, 0 psig JANNAF JA 9 27 F
Tensile 0.2 + 2.0 in/min Dogbone

CHS

Very Low Rate 180°F, 0 psig JANNAF Dogbone JA 9 27 F
Tensile 0.0002 in/mmn

CHS

Triaxial 30 to 770F, 800 3/4" GL Rail JD 9 18 H
Low Rate psig, 2.0 + 20.0 End Bonded

in/min CHS see Fig 5

Biaxial 770F, 0 psig, 0.2 3/4" GL Rail End JD 9 18 H
Low Rate + 2.0 in/min CHS Bonded, see Fig 5

- 13-
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TABLE 1 (cont)

G085 Spec Total
Spec Per Number Test

Test Conditions Configuration Code Cond of Spec Meth

Biaxial Very 180°F, 0 psig, 3/4" GL Rail JD 9 18 H

Low Rate 0.02 to 0.002 End Bonded
in/min CHS see Fig 5

TCLE* 50C rise/min 0.200" wafer WR 9 9 1
(about 16 sq in)

*One package of wafers will be delivered to the laboratory and the specimens will

be cut from the wafers.

414



TABLE 2

REGRESSION TREND LINE SUMMARY

TENSILE X-HEAD SPEED Sm. em er Sr E

Very LR, 180-F 0.002 S(+-) NS NS S(4-) NS5

UR 770F 0.02 S(4-) NS NS S(+-) NS5
LR 770F 0.2 5(4-) NS5 S(-) S(+-) NS5
LR 77*F 2.0 S(4-) NS S(- S(+) S(+-)

LR Hyd 800psi 77*F 2.0 S(+-) S(4-) S(+) S(+) NS
LR Hyd 800psi 77*F 20.0 S(4-) S(+-) NS S(+-) S(+-)
UR Hyd 800psi 30OF 2.0 S(4-) NS NS S(+) S(+-)
LR Hyd 800psi 30*F 20.0 S(4-) S(-) S(-) S(+-) S(+-)

VERY LR BIAX 1800 0.002 NS NS5 NS NS S(+-)
VERY LR BIAX 180OF 0.02 NS5 S(4-) S(+) NS 145

UR BIAXIAL 770F 0.2 S(4-) S(+-) S(+) S(+-) NS
LR BIAXIAL 77PF 2.0 S(4-) S(4-) NS S(4-) NS5

LR TRIAX800psi 30*F 2.0 S(4-) S(- S(-) S(+) S(+)
LR TRIAX800psi 77*F 2.0 S(+) S(+) S(+-) S(+-) NS
UR TRIAX800psi 30*F 20.0 S(4-) S(-) S(-) S(+-) S(+-)
LR TRIAX800psi 77PF 20.0 S(4-) S(+-) NS S(4-) S(+-)

TEAR ENERGY 180*F 0.002 NS
TEAR ENERGY 180OF 0.02 NS5
TEAR ENERGY 770F 0.2 S(4-)
TEAR ENERGY 30*F 2.0 NS
TEAR ENERGY 770F 2.0 14S

STRESS RELAXATION jO-SEC 50-SEC 100-SEC 1000-SEC 10000-SEC

31 STRAIN
770F 0psi NS NS NS 145 NS

120*F 0- psi 145 NS NS NS 14S
180OF0 psi S S S NS NS5

CAS BND TENSILE 180OF 0.002 S(-)

TCLE GP S(4-)
B/GP S(+-)
A/GP S(+)

NS- Non-significant trend line from a line of zero slope
4- Significant slope in a positive direction
-- Significant slope in a negative direction

NOTE: All testing performed at the 5% significance level.
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